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Abstract 
Efficient energy consumption in homes is one of key elements of sustainable healthy residential living. This thesis deals with 
decision-making method and procedure for home energy use scheduling designed to boost energy efficiency. Home energy use 
scheduling is a complex task that combines various data for decision-making. To carry out the task, this study used the idea of
utilizing ‘life log data,’ which is recording and storing daily routines. Life log data is recorded and stored in a metrics developed 
through a literature study and it contains 5W1H data (Who, When, Where, What, Why, How). Through the 5W1H data, lifestyle 
of residents can be analysed to determine the right services for them. The processes are as follows; House environments, Service
determined, Similarity analysis, Data filtering, Smart service. As the life log data is developed by human’s experience, this system 
makes it possible for one to one personalized service. And it can be possible personal energy savings at home. One of the key merits
in relation to the utilization of the life-log data is that it can provide a customized one-on-one service reflecting the behavioural 
patterns and the lifestyles of a resident. 
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1. Introduction 
The number of luminaires used in residences has been more than expected. In other words, there is a high 
possibility of wasting energy without using them in an efficient manner. The waste of lighting energy accounts for a 
great portion in total waste of energy. From this standpoint, decrease in the waste of energy caused by luminaires is 
important as the start of an energy saving plan. Just like other sectors, changes in energy consumption patterns are 
critical for the reduction of waste of energy. The problem is that it is not that easy to change people’s behavior 
patterns. Even though the waste of energy continues, many people don’t take it seriously or just aren’t aware of it. 
That’s why their energy-wasting habit doesn’t change. This study aimed to develop methodology which can 
encourage these people to voluntarily participate in energy-saving activities even without great efforts to change 
their energy-wasting habit. In other words, it was attempted to come up with an energy-saving lighting control 
method. In addition, considering the fact that the waste of energy could occur because of the absence of customized 
services for each individual, this study discussed the potential of one-on-one customized services. It was conducted 
in a belief that the one-on-one customized services would improve residential environment and provide an 
opportunity to save energy. There have been many studies on these issues, but it’s been hard to find a study on one-
on-one customized services. From this perspective, the reduction of energy-wasting elements through the suggestion 
of the customized services for each individual is an innovative attempt. To provide one-on-one customized services, 
all luminaires in houses should be properly controlled. For this, life log data which took place in houses are needed. 
In this study, all incidents occurring in houses are called ‘life log data.’ Life log data are used as base data for 
decision-making in controlling one-on-one luminaires6. After all, the first objective of this study is to develop life 
log data-based lighting scheduling technology as a way of making a decision on luminaires. The lighting scheduling 
technology is closely related with life log data based lighting control process. The lighting control process aims to 
schedule luminaires in a rational way2. In other words, lighting scheduling is targeted to control the turn-on/off of 
luminaires depending on circumstances12. To set the standards for lighting scheduling, this study has adopted Case-
Based Reasoning (CBR). In fact, it is the key concept of this study to solve current problems by searching how 
problems were detected and taken care of in the past1. To realize this kind of method, life log data are critical. To 
make a use of life log data systematically, life log data structure should be properly constructed. In this study, the life 
log data structure was reviewed as well. In sum, the ultimate goal of this study is to develop life log data-based 
lighting scheduling for the minimization of energy-wasting elements and development of refreshing residential 
environment.  
2. Theoretical background 
2.1.  Potential of lighting energy savings 
Lighting energy does not account for the greatest portion in energy consumption for residential lighting11, but it is 
the highest in terms of the portion of the waste of energy19, 20. In other words, lighting energy is the biggest energy-
wasting factor. Lighting is very important in view of both lighting energy and refreshing aspect of indoor space. 
Light means something to people. It lights up for people’s activities and at the same has a psychological effect. 
Despite these aspects, there has been relatively little interest in lighting. To create spaces with lighting, each 
luminaire should be properly controlled. As the effective control of each heating and heating system is a solution for 
energy saving, it is believed that control of individual lighting would be helpful in improving the quality of 
environment and reducing energy consumption. For this kind of individual lighting control, scheduling on 
luminaires is essential. The goal of the lighting schedule is to minimize energy-wasting factors and provide 
refreshing lighting by controlling luminaires properly under various circumstances. As described above, lighting 
energy accounts for the greatest portion in the waste of energy. Hence, it is likely that the proper control of lighting 
energy would bring the biggest energy-saving effects13. For the efficient control of luminaires, a variety of 
information is needed. In the past, however, it was impossible to collect these data. Thanks to the advancement of IT 
technology, however, it is now possible to collect a great number of information needed to control luminaires. In 
other words, so-called ‘BIG DATA’ are now available. The establishment of big data has enabled accurate decision-
making. Life log data are very similar to the big data. The objective of this study is to reduce lighting energy-
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wasting factors using this concept. The active use of life log data as big data provides a great potential for the 
reduction of energy consumption. In addition, the control of luminaires through smooth communications among 
various facilities would further increase the energy-saving effects. The life log data-based CBR enables a real time 
system which responds to each circumstance in an elastic manner. The lighting scheduling mentioned in this study 
would maximize lighting energy-saving effects when lighting is controllable dynamically under each circumstance. 
Files must be in MS Word only and should be formatted for direct printing, using the CRC MS Word provided. 
Figures and tables should be embedded and not supplied separately.  
2.2. Life log data 
Life log data refer to digital records on individual experiences collected through diverse channels7. They have 
evolved into social data due to the advancement of information & communication technology8. Along with ‘big 
data,’ they have been widely used in various data analyses. Life log data can collect a great number of non-
visualized information by sharing records from various contents. Another advantage of life log data is that they 
make it possible to observe and manage events from multiple perspectives. This study attempted to make use of 
these advantages of life log data in developing scheduling process for lighting energy consumption. With life log 
data, this study tried to understand residential environment and analyze needed services. Moreover, events were 
detected through continuous real time recording, and a decision was made on services using the already saved and 
analyzed data.
Life log data are a basic unit to record various incidents occurring in residential buildings. To record these data 
efficiently, decent information structure is needed. In this study, the 5W-1H Information was adopted for the 
information structure. ‘5W and 1H’ refers to ‘Who, What, Where, When and Why’ and ‘How’ respectively. ‘Table. 
1.’ reveals the examples of life log data: 
        Table 1. Example of life log data. 
When What Who Where How 
Living Dining Bed Kitchen Study Bath 
L1 L2 L3 L4 L5 L6 L7 L8 L9 
1:00 Study A  O      O   
2:00 Study A  O      O   
3:00 Study A  O      O   
4:00 Sleep A  O      O   
5:00 Sleep A  O      O   
6:00 Sleep A  O      O   
7:00 Sleep A  O      O   
8:00 Study A O O      O O  
9:00 TV A  O      O   
10:00 Eat A           
11:00 Rest A           
12:00 Shower A         O  
13:00 Music A           
14:00 Rest A           
15:00 Rest A           
16:00 Read A     O    O  
17:00 Read A     O      
18:00 Cook A O O   O  O    
19:00 Eat A O O   O  O  O  
20:00 Rest A O O   O      
21:00 Toilet A O O   O    O  
22:00 TV A O O   O      
23:00 TV A O O   O      
24:00 Sleep A    O       
To reduce lighting energy consumption, this study examined life log data-based lighting energy consumption 
scheduling.  
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3. Life log data-based lighting control 
As shown in ‘Figure. 1.’, life log-based lighting control consists of house environments, data collecting, life log 
data and control process.  
Fig. 1. Life log data-based lighting control process. 
‘House Environments’ refer to all environments inside and outside the residence, which are needed to provide 
smart services to residents. They will be discussed in detail in Chapter 4 later. In ‘House Environments,’ living data 
are collected from residents’ behavior, devices and sensors, and the accumulated data become the base data needed 
to make a decision for smart services as life log data. The life log data-based lighting control process is executed in 
the following order: service determined, related variable selected, similarity analysis, real time scheduling and 
lighting control. First, ‘service determined’ for present situation is conducted. ‘Service determined’ refers to the 
selection of the needed service based on perception of current situations. In this study, ‘lighting energy-saving 
service’ was chosen. Next, ‘related variable selected’ is carried out. In this stage, the variables relating to ‘service 
determined’ are selected. For example, the followings could be selected: Time, Type, Luminance(in), 
Luminance(out), Residents, Space, Area, Behavior, Appliance and Climate. The selected variables are used in 
searching information similar to life log data. In terms of information obtained through the life log data search, data 
similar to those under present situation are found by executing ‘similarity analysis.’ In ‘similarity analysis,’ data 
with high similarity are selected in comparison of variables. Among life log data with great similarity, lighting 
control is determined depending on if current life log data patterns are matched. Similarity analysis isn’t that kind of 
approach which is done through similarity comparison only. For example, if the similarity value is the same, 
filtering process should be conducted at the same time. Once determined, an order is made to the lighting devices, 
and residential environment is automatically controlled. For example, this kind of decision-making process is 
executed every hour, providing optimum lighting environment to residents. As a result, lighting energy consumption 
can be reduced.  
4. House environments 
‘House Environments’ refer to all environments inside and outside the residence, which are needed to provide 
smart services to residents. To provide customized services to residents, it is required to understand the exact 
composition of environmental factors. House environments are environmental information comprised of spatial 
environment, performance environment, equipment environment, sensor environment, resident environment. First, 
‘spatial environment’ refers to space-related environment. For example, residents’ spatial environment consists of 
407 Hyeonjeong Yang and Hyunsoo Lee /  Procedia Environmental Sciences  22 ( 2014 )  403 – 413 
living room, dining room, kitchen, bed room 1, bed room 2, bathroom 1, bathroom 2 and study room. In this study, 
they were named as ‘A1, A2, A3 … An’ for the convenience of explanation. ‘Performance environment’ is 
environment in which services are executed. The environment for the reduction of lighting energy consumption 
refers to each luminaire. It also represents comfort performances such as humidity, temperature and illuminance. 
Just like ‘spatial environment,’ it was stated as ‘L1, L2, L3… Ln’ in this study. ‘Equipment environment’ reveals 
the devices installed in each room and their current operations. The diverse devices in residence are the paths to 
collect life log data. ‘Equipment environment’ was stated as ‘E1, EL2, E3… En.’ ‘Sensor environment’ shows what 
sensor was installed in what space. A sensor enables physical measures on surroundings. In terms of a type of 
sensor, there are occupancy sensor, illuminance sensor and temperature/humidity sensor. These sensors can be 
installed in each space to collect diverse information. At present, a variety of data can be collected through mobile 
devices without the installation of a separate sensor. ‘Sensor environment’ was called ‘S1, S2, S3… Sn.’ ‘Resident 
environment’ is environmental information on residents. It reveals how many residents live in the residence and 
what kind of behavior they engage in. ‘Resident environment’ was stated as ‘R1, R2, R3… Rn’ in this study. This 
kind of residents’ information is very important in figuring out their lifestyles.  
The five residential environment factors mentioned above would greatly vary by resident and residential 
environment. They were summarized in the ‘Table. 2.’. They all form variables of ‘house environment.’ 
                Table 2. Example of house environments. 
Spatial List Device List Equipment List Sensor List Resident List 
A1 E1 L1 S1 R1 
A2 E2 L2 S2 R2 
A3 E3 L3 S3 R3 
A4 E4 L4 S4 R4 
A5 E5 L5 S5 R5 
… … … … … 
An En Ln Sn Rn 
5. Service Determined 
Fig. 2. Needed services. 
A house requires diverse services. For example, it can provide the following services: theft prevention, fire 
safety, reduction of risk factors, air quality control, energy-saving and prevention of solitary death, ‘Fig. 2.’ 
Depending on residents’ real time awareness of circumstances, the best services for each circumstance are selected. 
Among them, this study examined lighting energy-saving services. To provide lighting energy-saving services, the 
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variables needed to provide the services should be analyzed. Then, variables needed for each service should be 
determined, and life log data should be selected, ‘Fig. 3.’. Among energy-saving services, this study concentrated on 
the reduction of lighting energy consumption.  
Fig. 3. Service determined. 
The variables used to save lighting energy include Time, Type, Luminance(in), Luminance(out), Residents, 
Space, Area, Behavior, Appliance, Climate and Smart grid. The reason that service-related variables were 
determined is because they were needed in searching life log data. If all variables existing in the house are used, the 
search of life log data becomes very complicated. In addition, there is no particular necessity for this process.   
6. Similarity Analysis 
To search old life log data which are similar to current lighting environment based on related variables, similarity 
analysis should be carried out. All luminaires (device list) are searched at the same time, and among a great number 
of old data, those which are most close to present environment are searched. If the data which are 100% matched 
with the current situation are detected, a perfect decision can made based on these data. Because diverse 
environmental variables exist for lighting control, however, it is very hard to the data which are perfectly matched. 
Therefore, the information with many common variables is searched first. Then, data are listed in the order of the 
highest number of common variables and compared to current information. 
Fig. 4. Similarity analysis. 
In the ‘similarity analysis’ stage, current variables are compared to past life log data. In the data which are most 
similar to current situations, ‘match point calculation’ which calculates the number of the items under the same 
category among variables is conducted, ‘Fig. 4.’. The ‘Table. 3.’ reveals the examples of the similarity analysis. 
‘Life log data D1, D2, D3… D8’ which reveal ‘V1 – V11’ were searched and compared to current life log data. 
According to the calculation of match point, 9 variables were matched in D4, D5 and D7, showing the highest 
similarity. However, one has to be selected among D4, D5 and D7. In other words, data filtering process should be 
maintained.  
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       Table 3. Match point calculation. 
Variables Present D1 D2 D3 D4 D5 D6 D7 D8 
V1 20:00 O X O O O X X O 
V2 Auto O O O O O O O O 
V3 250 O O O O O O X O 
V4 500 O X O X O X O O 
V5 A, B O X X O X O O X 
V6 Living X O O O O O O X 
V7 Part X O O O O O O O 
V8 Lean X O X O X O O O 
V9 TV X O X O O O O X 
V10 Rain O X O X O O O O 
V11 No O O O O O O O X 
L1 on on off off off off off on on 
Match point - 7 7 8 9 9 8 9 7 
7. Data Filtering 
If there are several life log data with the highest match point, the best life log data should be selected. This 
process is called ‘data filtering.’ In terms of data filtering,’ in this study, lighting patterns were used, ‘Fig. 5.’.  
Fig. 5. Data filtering.  
  The use of the lighting pattern is a process of making a decision using the residents’ living patterns obtained 
from the accumulated life log data. For this, life log data accumulated for a generation are used. The ‘Table. 4.’ 
shows the examples of lighting patterns. In Pattern 1, for example, luminaires L1, L2 and L7 are off while L3 and 
L6 are on. Lighting patterns reveal information on the turn-on/off of luminaires.  
       Table 4. Lighting pattern. 
Lightings Space Pattern 1 Pattern 2 Pattern 3 Pattern 4 Pattern 5 Pattern 6 Pattern n 
L1 Living X X O   O  
L2 X O    X  
L3 Dining O O      
L4 Bed    O X   
L5    O X   
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L6 Kitchen O X      
L7 X X      
L8 Study    X O   
L9 Bath   O     
8. Example of Life log Data-based Scheduling 
Regarding the life log data-based lighting scheduling described above, its execution process is explained through 
case analysis in this section. To examine the cases, life log data were assumed as shown in the ‘Table. 5.’. It reveals 
a sole resident’s life log data for 24 hours on August 23, 2014. The ‘5W-1H’ information was specified from the 
perspective of lighting energy consumption. As shown in life log data, Resident ‘A’ worked late and fell asleep 
around 04:00 with the light on. At 16:00, he unwittingly turned on the light to read a book in his bedroom. After 6 
o’clock in the evening, he left the lights on in the kitchen and bedroom, wasting lighting energy.  
       Table 5. Life log data on August 23, 2014. 
When What Who Where How 
Living Dining Bed Kitchen Study Bath 
L1 L2 L3 L4 L5 L6 L7 L8 L9 
1:00 Study A  O      O   
2:00 Study A  O      O   
3:00 Study A  O      O   
4:00 Sleep A  O      O   
5:00 Sleep A  O      O   
6:00 Sleep A  O      O   
7:00 Sleep A  O      O   
8:00 Study A O O      O O  
9:00 TV A  O      O   
10:00 Eat A           
11:00 Rest A           
12:00 Shower A         O  
13:00 Music A           
14:00 Rest A           
15:00 Rest A           
16:00 Read A     O    O  
17:00 Read A     O      
18:00 Cook A O O   O  O    
19:00 Eat A O O   O  O  O  
20:00 Rest A O O   O      
21:00 Toilet A O O   O    O  
22:00 TV A O O   O      
23:00 TV A O O   O      
24:00 Sleep A    O       
A process to solve this kind of waste of lighting energy is as follows: First, select the lighting energy-saving 
service variables (Variable 1 to 11) and search related data. In similarity search, nine categories are matched in D4, 
D5 and D7. Then, select the data with the highest similarity. For this, luminaires should be controlled as follows: 
         Table 6. The event at 20:00. 
L1 L2 L3 L4 L5 L6 L7 L8 L9 
O O X X X X X X X 
Among three data with high similarity, the one which is matched with lighting patterns is obtained. In other 
words, D7 is selected, and luminaires are controlled accordingly. This kind of process is illustrated in Table. 7. 
below: 
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         Table 7. Comparative analysis of life log. 
Variables Present D1 D2 D3 D4 D5 D6 D7 D8 
Time 20:00 20:00 12:00 20:00 20:00 20:00 10:00 14:00 20:00 
Type Auto Auto Auto Auto Auto Auto Auto Auto Auto 
Luminance(in) 250 250 250 250 250 250 250 800 250 
Luminance(out) 500 500 3000 500 700 500 1500 500 500 
Residents A, B A, B B A A, B B A, B A, B A 
Space Living Bath Living Living Living Living Living Living Bed 
Area Part Whole Part Part Part Part Part Part Part 
Behavior Lean Wash Lean Move Lean Sit Lean Lean Lean 
Appliance TV Boiler TV Cleaner TV TV TV TV - 
Climate Rain Rain Sun Rain Sun Rain Rain Rain Rain 
Smart grid No No No No No No No No No 
Lighting 1 on on off off off off off on on 
Lighting 2 on off on on on on on off off 
Match point - 7 7 8 9 9 8 9 8 
Final Match     O
To save lighting energy, the process described in ‘Figure. 6.’ should be repeated. However, the problem is to set a 
time interval for scheduling process. In this study, it was assumed that this kind of process was executed every hour.  
9. Conclusion 
The goal of lighting scheduling is to minimizing the waste of lighting energy through the real time operation 
(turn-on/off) of luminaires in the house. This study is meaningful in that there have been little studies on the 
improvement of customized services for residents by controlling all luminaires in the house individually and 
attempt to provide proper services for each circumstance. Under current circumstances in which individual 
identity has become more important, the one-on-one customized services are critical. In terms of data needed to 
make a decision for controlling luminaires, this study proposed the active use of life log data. This study is also 
significant in that it introduced and explained the examples of life log data structure to make life log data properly 
used based on the decision made. To have the suggestions made in this study eventually implemented, more 
specific matters should be discussed. However, this study has sufficiently reviewed a basic concept. To handle 
problems a flexible manner, this study used lighting patterns as a generalized rule even though it was designed 
based on an empirical approach. Making a decision using unprocessed life log data has the advantage of non-
causing any damage on information, but redundant data can be continuously stored in this method. The life log 
data-based approach proposed in this study has limitation of causing a huge load during system development 
because of the redundancy of life log data. Therefore, it is needed to come up with a generalized rule through 
analysis on life log data after taking care of this problem. This study derived a decision-making method based on 
the CBR, but it is required to further strengthen problem-solving ability by integrating generalized knowledge. In 
other words, a problem-solving approach which integrates both CBR and rule-based reasoning is needed. 
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Fig. 6. Execution of life log data-based energy consumption scheduling. 
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